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METHOD AND APPARATUS FOR CODED
RADAR SIGNALS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from U.S. Provisional
Application No. 62/768,621, entitled “Method and Appara-

tus for Coded Radar Signals,” filed on Nov. 16, 2018, and
incorporated herein by reference 1n 1ts entirety.

BACKGROUND

Autonomous vehicles and Automated Driver Assist Sys-
tems (ADASs) are the next phase of transportation around
the world. While the main goal of such systems 1s to improve
satety both for the individual and for the roadways and
cities, these systems rely on accurate, reliable systems 1n a
variety of situations, as well as the control decisions thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The present application may be more fully appreciated in
connection with the following detailed description taken 1n
conjunction with the accompanying drawings, which are not
drawn to scale and 1 which like reference characters refer
to like parts throughout and wherein:

FI1G. 1 1llustrates a driving scenario with non-line of sight
detection systems, according to various implementations of
the subject technology;

FIG. 2 illustrates operation of multiple radar detection
systems, according to various implementations of the sub-
ject technology;

FI1G. 3 1llustrates a range of a vehicle radar unit, according,
to various implementations of the subject technology;

FIG. 4 1llustrates multiple steered transmission beam
angles 1 a radar detection system, according to various
implementations of the subject technology;

FIG. 5 illustrates operation of an object detection system,
according to various implementations of the subject tech-
nology;

FI1G. 6 illustrates a process for operation of a coded radar
system, according to various implementations of the subject
technology;

FI1G. 7 1llustrates modules in coded radar systems, accord-
ing to various implementations of the subject technology;
and

FIG. 8 illustrates a coded radar system, according to
various implementations of the subject technology.

DETAILED DESCRIPTION

Methods and apparatuses to enable reliable, accurate and
flexible object detection 1n a radar system with both line-
of-sight (LOS) and non-line-of-sight (NLOS) detection
capabilities are disclosed. In communications and object
detection applications, a signal 1s transmitted to communi-
cate information or identify a location of an object. The
transmission path from a transmitter to a receiver i a
communication system or from an object detection sensor to
an object has a field of view within which the transmissions
are uninterrupted. This field of view 1s referred to as a LOS.
Within the LOS, transmission signals travel directly to a
receiver or an object. For electromagnetic millimeter wave-
length transmissions, an antenna transmits signals as a
beamform that defines the LOS. In real world systems there
are often obstacles that obstruct the direct transmission, such
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2

as buildings, trees, and so forth; these obstructions may act
as retlection or deflection points that change the direction of
all or some of the transmission signal. A reflection or
deflection may also be referred to as an echo.

Note that throughout this description the term reflection 1s
used to refer to the change in direction of energy transmitted
from an antenna or transmission source, and includes both
reflections and deflections. The energy 1s reflected or redi-
rected on interaction with an obstacle. The processes and
examples described herein relate to an object detection
sensor employing a radar sensor; however, these processes,
methods and apparatuses are applicable to other systems
using transmissions for communication or object detection.

FIG. 1 1llustrates a communication system 50 having both
LOS and NLOS transmission paths. A transmitter 52, which
may be a transceiver, transmits signals 1n a first direction,
wherein the signals interact with reflecting building 56 and
the reflected waves 58 change direction and are received at
building 62. Signals 1n a second direction have an obstruc-
tion within the LOS 54 which reflects waves 60 in multiple
directions. In this system, there may be recervers located 1n
NLOS areas as the LOS transmissions are obstructed by
buildings.

FIG. 1 also 1illustrates an environment 1n which multiple
vehicles are operating with object detection systems, such as
for autonomous driving or for an automated driver assis-
tance system (ADAS). The environment 100 1s a transpor-
tation intersection with activity 1n all directions. Any sensor
in a vehicle that 1s detecting objects 1s moving with the
vehicle 1n a dynamic environment. Object detection in
NLOS areas 1s thus a critical capability. Here NLOS refers
to radio transmissions, such as radar transmissions, across a
partially or fully, obstructed path; these obstructions are
typically physical objects, such as a building.

An object detection system in a vehicle includes a sensor
that moves with the vehicle, and therefore the sensor posi-
tion and sensor field of view 1s in motion. Such sensors are
tasked with understanding the environment within which 1t
operates. There are a variety of sensors, and often a design
incorporates multiple sensors, including camera, radar, lidar,
ultrasound and others.

In object detection systems incorporating a radar modu-
lation scheme, such as Frequency-Modulated Continuous
Wave (FMCW), the difference between transmit and receive
signals provides range information and velocity. The veloc-
ity 1s deduced from the phase difference between the trans-
mit and receive signals. The distance to an object, or the
range, and the velocity are collated as a range-Doppler
information, or mapping, to interpret the environment. The
use of FMCW has many advantages in range-Doppler (R-D)
detection.

Similarly, there are many other modulation schemes that
may provide mformation as to the location of an object, and
these schemes may be combined and used together. Another
method 1s Pulse Code Modulation (PCM). When an antenna
provides multiple transmission signals and 1s able to receive
multiple transmission signals, the difference between these
signals provides information as to range, velocity, reflectiv-
ity, direct reflection/deflection and so forth. The implemen-
tations of the subject technology described herein are not
limited to a specific modulation scheme.

The implementations of the subject technology may be
applied 1n a transportation system, such as environment 100
of FIG. 1. There are multiple vehicles traveling within this
transportation environment 100, wherein at least some of the
vehicles have object detection radar systems. The system
100 1s 1llustrated with vehicle 102 having an object detection
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radar system for both long-range and short-range detection.
Other systems may 1corporate any number of range detec-
tion level(s). The other vehicles have radar systems that are
also 1illustrated, such as vehicles 104, 106, 108, 110. The
radar beams from several vehicles are provided 1n shadow,

such as beam 120 of vehicle 102. Vehicle Radar Sensing
on or within vehicle 102.

Unit (RSU) 20 1s positioned
FIG. 2 also illustrates the environment 100 1solating
vehicle 102 to 1llustrate the short-range radar beam 122 and
the long-range radar beam 120. The position of vehicle 102
with respect to the other moving vehicles and with respect
to the infrastructure 1s described. Objects, including other
vehicles within the short and long-range beam areas are
detectable within the area of beams 120, 122. This includes
reflections and multi-path transmissions that pass through
these areas. For simplicity, the areas are drawn as 2-D
images, however, these beams are 3-D spatial 1images and
they move as the RSU moves with a vehicle, and therefore,
in that sense these beams are 4-D, including 3 dimensions
and time. An inset image 1s also 1llustrated of radiation
pattern, or beam, 120 having a directivity in a direction d,
and a length L indicating the length to a 3 dB intensity point.
The ratio of the radiation intensity 1n any direction d to the
intensity averaged over all directions 1s the directive gain of
the antenna 1n that direction. The directive galn along the
direction in which that quantity 1s maximized 1s known as
the directivity of the antenna, and the dlrectlwty multiplied
by the radiation efliciency 1s the power gain of the antenna
(very often just referred to as the gain, G). In the direction
of maximum radiated power density, there 1s G times more
power than we would have obtained from an 1sotropic
antenna. Consider that antennas radiate the power that is
supplied. The higher the gain G of a directional antenna, the
more narrowly focused 1s the energy radiated from 1t.

In the implementations and examples provided herein,
there 1s an assumption made that there exists a mathematical
relationship between the gain of an antenna and the specific
dimensions of the focused beam. This assumption results 1n
an approximation that all radiated energy of an antenna 1s
uniformly distributed across a beam with some solid angle
(2, and that no energy 1s radiated elsewhere. In this case,
the directivity of the antenna must be equal to the ratio of the
beam’s solid angle, €2, . to the total area of the unit sphere
(4n) and the solid angle, €2, . 1s mnversely proportional to
the directivity as illustrated 1n FIG. 2, insets. If the antenna
has high dlrectlwty and radiates most of the received energy,
then the gain and directivity are approximately the same and
the size of the beam 1s inversely proportional to the gain. The
beam angle 1s roughly the square root of the beam solid
angle when the beam 1s reasonably symmetric. In most
aspects the terms beam and beamform may be used inter-
changeably.

Continuing with FIG. 2, INSET 1 illustrates RSU 112 and
a corresponding actual beamform, radiation pattern 120. The
main lobe 116 1s directed in direction d. There are also side
lobes 114, which are designed to be minimized so as not to
act as interference and object detection misdirects. INSET 2
illustrates an approximation of the actual beamiform that
enables calculations, simulations, analysis and design of an
antenna 1n a radar system, such as RSU 112. The approxi-
mation replaces the radiation pattern 120, including both
main lobe 116 and side lobes 114, as radiation pattern 121.
In this approximation there 1s no power 1n area 123, and all
of the power 1s present in the area 129 within the cone-
shaped radiation pattern 121. The approximation 1s that all
energy radiated by the antenna 1s uniformly distributed
across beamform 121 in a cone form within the area of a
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solid angle €2, 123 that 1s a measure of the field of view
from the RSU 112. The beam 121 1s approximated to be
symmetric and therefore beam angle 0, 127 1s then
approximately equal to the square root of the beam solid
angle 125. For clarity, these 3D {features are described by
slices of the radiation pattern beamform in planes that pass
through symmetry axes of the beamiorm.

The RSU 112 of vehicle 102 may transmit radiation
beamiorms 1n a variety of directions. In some examples, the
RSU 112 steers the beam, changing the directivity of the
beamiorm. When a beam 1s directed toward an object or
obstruction, there 1s a retlection or redirection of the energy
of the beamform, sending energy 1n directions and areas that
may be in NLOS areas.

FIG. 3 illustrates a dniving environment 150 having a
vehicle 152 traveling forward through an intersection. On
two corners are buildings 157, 158, close to the roadway and
on another corner 1s a field 159. As the vehicle 152 drives
through the environment, radar signals are sent and echoes
are recetved. The vehicle 152 includes a radar unit, similar
to RSU 112, having capability to generate and transmit a
radar signal that enables the vehicle 152 to comprehend the
environment, identify obstacles, make determinations of
actlon(s) and so forth. As the vehicle 152 travels, there 1s a
vehicle 156 detected 1n the LOS of the vehicle 152. The
vehicle 156 1s a sedan moving 1n the same direction as the
vehicle 152; radar beam transmission 160 directed in that
direction 1s reflected by the vehicle 156 and received at
vehicle 152 enabling range and velocity information calcu-
lations for vehicle 156. In this scenario, the vehicle 156 1s
referred to as a target.

Contmumg with FIG. 3, transmissions from vehicle 152
also reflect o obstructlons toward NLOS areas. The trans-
missions travel to building 158 in transmission path 162 and
transmission signals reflect ofl building 158 to a NLOS
vehicle, motorcycle 154, via transmission path 164. The
energy then continues with retlection of transmaission path
166 to the building 157, returning to vehicle 152 via
transmission path 168. The lower 1nset provides a clear top
view of the transmission paths and retlections. In this way,
objects 1n the NLOS areas may be detected by the RSU 1n
vehicle 152, e.g., RSU 112.

In the examples provided herein, the transmission signals
are 1llustrated as individual paths, however, it 1s understood
that the transmission from vehicle 152 1s a radiation beam
that covers a detection arca that includes the objects
detected. Portions of the energy of the radiation beam reflect
on interaction with an obstacle. The short-range detection
area 160 1n FIG. 3 indicates an area covered by both the
transmission radiation beam and the area within which
energy 1s detected. Retlection points within area 160 are
indicated as points 162, 154, and 164. The LOS transmission
path 160 1s unobstructed to detect objects 1n that direction.
The reflection point 162 redirects the transmission signal to
the motorcycle 154 from which the signal reflects back
within the short-range detection area 160. The RSU 112
detects the signal, determines that 1t 1s a response to a
transmission signal from vehicle 152 and then calculates
range and velocity of the object. Similarly, a transmission
reflecting from point 166 1s directed to the motorcycle 154
and back to the short-range detection area 160 of vehicle
152. In this example, reflection points 162, 166 are station-
ary buildings and have a zero velocity, while the motorcycle
154 may be in motion or may be stopped.

The RSU signals of the present examples incorporate a
steerable beam, as illustrated in FIG. 4, where the RSU 212

1s 1llustrated with some of the generated beams. The possible
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angular range of the beamiorms 1s twice the long-range
angle (LRA). These are illustrated in time lapse format,
where the beam 1s transmitted at distinct times in different
directions so as to cover the short-range area over a time.
The environment 200 has vehicle 1 with a radar sensing unit,
RSU, that steers the transmission beam to cover a short-
range area by beams 202. The radar beams 202 interact with
oflice building 204, which retlects the transmission beams
directed toward it. The various interactions are illustrated as
transmission paths 214 where the multiple beam directions
cach result in diflerent reflections. Where the surface is
uneven or irregular, there may also be scattering. The target
vehicle 208 1s 1n the NLOS of the radar unit. Some of the
transmission paths result in detection of the target, and
others go in different directions until there 1s no energy left.
These reflections may be used to 1dentily objects 1n a NLOS
areca. The beams generated at the end of the LRA are
1llustrated.

The actual size of a radiation beam may be fine, referred
to as a pencil beam, and may be adjusted by a radar
controller in response to road conditions, objects detected,
and operation of the vehicle. In environment 200, a vehicle
206 1s moving 1n a North direction, as 1s vehicle 210. Vehicle
208 1s moving FEast. The vehicle 206 has RSU 212 that 1s
transmitting beams over a short-range areca 202. The 1ndi-
vidual beams 214 are used to scan the short-range area 202
for objects, including vehicles and buildings, such as build-
ing 204. There may be any number of retlection points where
these interactions with objects cause abrupt discontinuations
in the radiation pattern and transmission.

In some mmplementations, the transmissions from RSU
212 are provided in FMCW modulation enabling detection
of objects location and movement. This information 1s 1n the
form of range and velocity coordinated data, referred to as
Range-Doppler Maps. This 1s discussed hereinbelow 1n
more detail. FI1G. 5 illustrates some of the paths taken by the
various signals such that RSU 212 receives signals 224 from
car 210, vehicle 5, vehicle 4 and target 208, which may
involve reflections, detlections and hops of the signals. The
RSU 212 1s tasked with identifying the signals transmitted
from vehicle 206 and separating these signals from those of
other vehicles and paths. This 1s done by encoding the signal
transmissions from RSU 212 for i1dentification on return.

FIG. 6 1llustrates a flow chart for operation 300 of a
system for object detection, where processing allocates a
specific code for identification of the vehicle and used 1n the
RSU, 302. The system receives radar signals, 304, and filters
tor the vehicles RSU coded signals, 306. The coding may be
implemented by a pulse code modulation (PCM) or other
coding scheme. The system then determines if there is
interference detected, 316, and if not, continues to process
the signal, 308. I there 1s interference, then the system filters
the interference, 318, and determines an interference signal,
320, wherein the interference signal identifies a signal
condition of the environment of the vehicle.

FIG. 7 1llustrates signal generation for operation within a
noisy environment. There may be any number of reflections
and detlections (hops) within a given scenario. In a scenario
as 1llustrated 1in FI1G. 4, there are several vehicles with radar
signals 1n process, including vehicle 220 with RSU 222,
vehicle 206 having RSU 212, and vehicle 230 having RSU
232, for example. The transmissions form a cloud of signals
that cause interference with each other. In the present
examples, RSU 212 has a MIMO configuration with mul-
tiple transmit antennas and multiple receive antennas, where
cach signal transmitted has multiple transmissions. Fach
transmission 1s coded so as to be differentiable from the
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other transmission signals. The coding may be an orthogonal
coding, such as a Kasami coding system, operating 1n a pulse
code modulation (PCM) scheme. To understand the envi-
ronment, RSU 212 must be able to distinguish its own
transmission signals from those of other vehicles (noise) and
also distinguish between the coded transmissions from 1ts
antennas. To enable the identification of a specific vehicle,
the system incorporates a coding mechanism into a range
detection mechanism, resulting 1n a coded FMCW mecha-
nism.

As 1llustrated in FIG. 7, the system 350 has a modulation
control module 352 and a code control module 354, both of
which feed the signal processing unit 356 to generate the
baseband signal. In this way, the code control module 354
generates a pulse code modulation-type signal to 1dentify the
vehicle, while the modulation control provides signals 1n a
form allowing derivation of range and velocity. The system
360 includes a specific FMCW module 262 and a PCM
module 364 to generate signals from signal generation unit
366. In these systems, the radar signal 1s a continuous wave
signal, and the code control quantizes the continuous wave
signal, resulting 1n a coded FMCW modulation mechanism.
The coded portion enables detection of a specific vehicle or
transmission from a vehicle, while the continuous signal
provides object detection parameters. As in systems 350-
360, the code control modules 354-364 each provide both
quantization of the coded signal as well as encoding for the
transmitter. This enables the dual function of target detection
and 1dentification of a signal among a crowded electromag-
netic signal area.

Continuing with the scenarios of FIG. 4, i some
examples, an RSU 212 transmits and recerves MIMO sig-
nals, wherein antennas may be dedicated to a receive chain
and other antennas may be dedicated to a transmit chain
providing spatial differentiation. In some examples, a single
set of antennas 1s used for both transmit and receive and the
antennas where transmission are time differentiated. The
RSU 212 transmits signals from multiple antennas having
coded signals i1dentifying RSU 212. The signals may have
direct LOS object deflections or may have multi-hop detlec-
tions between transmit and receive. The receive antennas of
RSU 212 receive signals and compare them to a power
threshold to determine which signals are direct retlections
and which may need further processing. The low power
signals are then determined to be NLOS and/or multi-hop
signals as the signals traveled farther requiring energy. To
identily objects, these signals are compared to a reduced
power threshold. For example, a transmission 214 may
deflect off building 204 to target 208 and back to RSU 212.
In practical terms, the signal hits an object, such as a
building, person, car and so forth, and the energy of the
originally transmitted pulse 1s scattered in multiple direc-
tions. A portion of the reflection, or deflected signal returns
to the receiver. When there are multiple hops, the transmit
signal hits a first object, energy scatters and hits another
object, from which energy scatters and some returns to the
RSU 212. As the signal scatters, 1t loses energy. Identifica-
tion of these low energy signals considers noise and other
RF signals that may interfere with the low energy, low
power, signals. The present implementations compare these
low power signals to a reduced power threshold and then
separates them Ifrom noise by coding, such as Kasami
coding, Walsh coding, and so forth. The process may need
to reduce the power threshold multiple times and may even
reduce to a minimum value without capturing suflicient
energy to 1dentily an object. When the object 1s detected and
decoded, the information provides range and velocity infor-
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mation to create R-D mapping information. This informa-
tion 1s used to control operation of the vehicle and/or provide
an indicator to a vehicle operator.

Attention 1s now directed to FIG. 8, which 1llustrates RSU
400 having transmit and receive antennas, sometimes
referred to as a monostatic radar unit. Other units may
implement systems that use a single antenna or set of
antennas for both transmit and receive. The RSU 400
operates to detect range to an object from a pulse delay,
velocity of an object from the Doppler frequency shiit, as
well as angular direction of transmission and arrival of radar
and echo, respectively. Each object has a cross-sectional
signature determined by the target size, shape, components,
movement, material composition, and so forth. Radar con-
troller 402 supervises operation of RSU 400, including
generating the digital signal processing (DSP) signal coding
for transmission from DSP unit 404, which 1s provided to a
digital-to-analog converter 406 {for transmission from
antenna unit 414. The DSP unit 404 provides a number, n,
of bits of digital data (nbits) to DAC 406, which converts the
digital signal to an analog signal. The analog signal i1s then
put through filter 408 and the filtered signal 1s coupled to
mixer 410 to be modulated on a carrier signal provided by
signal generator 432. In various implementations, the signal
generator 432 provides a pulse modulation scheme, but
alternate 1mplementations may use other modulation
schemes that also enable range-Doppler detection and
NLOS detection. The modulated signal 1s then put into
power amplifier 412 for transmission as radiation beams
over the air from antenna unit 414.

As 1illustrated, the transmit antenna unit 414 includes a
power distribution network 454 to a radiating structure or
antenna. In various examples, the antenna unit 414 can be
manufactured from metastructures, which are specially
designed structures that manipulate electromagnetic signals
to suite various applications. More specifically, metastruc-
tures are engineered, non- or semi-periodic structures that
are spatially distributed to meet a specific phase and fre-
quency distribution. A metastructure antenna can be
designed with metastructure reflector elements that are very
small relative to the wavelength of the RF signals.

Continuing with RSU 400, mixer 410 1s coupled to mixer
428 1n the receive chain, which includes receive antenna unit
426 having power distribution and antenna network 452.
Received signals are provided to a low noise amplifier
(LNA) that 1s coupled to mixers 428, 422. The paths are then
filtered and converted back to digital signals having n bits
cach, which are then provided to DSP 416.

The radar controller 402 includes an Rx power threshold
control unit 450 to set the power threshold for comparison
of Rx signals, including to reduce the power threshold for
detection of NLOS objects. The radar controller 402 also
includes a modulation controller 452 to generate and control
coding of the transmission signals, such as to implement
Kasami coding. This coding enables an object detection unit
(not shown) in the RSU 400 to idenftily its transmissions
from those of other RF sources.

The radar systems presented herein may implement the
various aspects, configurations, processes and modules
described throughout this description. The radar system may
be configured for placement in an autonomous driving
system or in another structure in an environment (e.g.,
buildings, bill boards along roads, road signs, traflic lights,
etc.) to complement and supplement information of indi-
vidual vehicles, devices and so forth. The radar system scans
the environment, and may incorporate infrastructure infor-
mation and data, to alert drivers and vehicles as to conditions
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in their path or surrounding environment. The radar system
1s also able to i1dentily targets and actions within the envi-
ronment. The various examples described herein support
autonomous driving with improved sensor performance,
all-weather/all-condition detection, advanced decision-mak-
ing algorithms and interaction with other sensors through
sensor fusion. The radar system leverages intelligent meta-
structures and Al techniques to create a truly intelligent
digital eye for autonomous vehicles. By incorporating fea-
tures of a communication system 1into an object detection
system, the operation of a radar system 1s greatly expanded
and enables eflective filtering of noise and interference.

It 1s appreciated that the previous description of the
disclosed examples 1s provided to enable any person skilled
in the art to make or use the present disclosure. Various
modifications to these examples will be readily apparent to
those skilled in the art, and the generic principles defined
herein may be applied to other examples without departing
from the spirit or scope of the disclosure. Thus, the present
disclosure 1s not intended to be limited to the examples
shown herein but 1s to be accorded the widest scope con-
sistent with the principles and novel features disclosed
herein.

As used herein, the phrase “at least one of” preceding a
series ol items, with the terms “and” or “or’” to separate any
of the items, modifies the list as a whole, rather than each
member of the list (1.e., each item). The phrase “at least one
of” does not require selection of at least one 1tem; rather, the
phrase allows a meaning that includes at least one of any one
of the items, and/or at least one of any combination of the
items, and/or at least one of each of the items. By way of
example, the phrases “at least one of A, B, and C” or *“at least
one of A, B, or C” each refer to only A, only B, or only C;
any combination of A, B, and C; and/or at least one of each
of A, B, and C.

Furthermore, to the extent that the term “include,” “have,”
or the like 1s used 1n the description or the claims, such term
1s intended to be inclusive in a manner similar to the term
“comprise’” as “‘comprise” 1s interpreted when employed as
a transitional word 1n a claim.

A reference to an element 1n the singular 1s not intended
to mean “one and only one” unless specifically stated, but
rather “one or more.” The term “some” refers to one or more.
Underlined and/or 1talicized headings and subheadings are
used for convenmence only, do not limit the subject technol-
ogy, and are not referred to 1n connection with the interpre-
tation of the description of the subject technology. All
structural and functional equivalents to the elements of the
various configurations described throughout this disclosure
that are known or later come to be known to those of
ordinary skill in the art are expressly incorporated herein by
reference and intended to be encompassed by the subject
technology. Moreover, nothing disclosed herein 1s intended
to be dedicated to the public regardless of whether such
disclosure 1s explicitly recited 1n the above description.

While this specification contains many specifics, these
should not be construed as limitations on the scope of what
may be claimed, but rather as descriptions of particular
implementations of the subject matter. Certain features that
are described 1n this specification in the context of separate
implementations can also be implemented in combination 1n
a single implementation. Conversely, various features that
are described 1n the context of a single implementation can
also be implemented 1n multiple implementations separately
or 1 any suitable sub combination. Moreover, although
features may be described above as acting 1n certain com-
binations and even imtially claimed as such, one or more
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features from a claimed combination can in some cases be
excised from the combination, and the claimed combination
may be directed to a sub combination or vaniation of a sub
combination.

The subject matter of this specification has been described
in terms ol particular aspects, but other aspects can be
implemented and are within the scope of the following
claims. For example, while operations are depicted 1n the
drawings 1n a particular order, this should not be understood
as requiring that such operations be performed 1n the par-
ticular order shown or 1n sequential order, or that all illus-
trated operations be performed, to achieve desirable results.
The actions recited 1n the claims can be performed 1n a
different order and still achieve desirable results. As one
example, the processes depicted in the accompanying fig-
ures do not necessarily require the particular order shown, or
sequential order, to achieve desirable results. Moreover, the
separation ol various system components in the aspects
described above should not be understood as requiring such
separation 1n all aspects, and it should be understood that the
described program components and systems can generally
be integrated together mm a single hardware product or
packaged into multiple hardware products. Other variations
are within the scope of the following claim.

What 1s claimed 1s:

1. A method for signal generation, comprising:

generating a continuous wavelorm signal;

encoding the continuous waveform signal as a first signal,
wherein the encoding comprises applying a Kasami
coding to generate the first signal separable from noise
and interfering signals based on the Kasami coding 1n
the first signal, wherein the encoding further comprises
generating, via a code control module, a pulse code
modulation-type signal 1n the first signal that enables an
identification of a detected object, and wheremn the
encoding further comprises generating, via a modula-
tion control module, a quantization of the first signal in
a form that enables a dertvation of a range and velocity
of the detected object;

transmitting the first signal from a first transmitter through
multiple transmissions i a beam-steering scheme,
wherein each transmission of the multiple transmis-

stons 1s coded differently from other transmissions of

the multiple transmissions;
receiving a plurality of signals from a plurality of sources;
1solating a reflection of the first signal from the plurality
ol signals;

determining a range and a velocity of an object detected

by the reflection of the first signal;
comparing received signals to a power threshold to 1den-
tify direct retlection signals and low power signals; and

comparing low power signals to a reduced power thresh-
old to separate the low power signals from noise
signals.

2. The method of claim 1, wherein the continuous wave-
form signal 1s a frequency modulation continuous wave
signal.

3. The method of claim 1, wherein the encoding of the
continuous wavelorm signal as the first signal comprises
applying pulse code modulation to generate the first signal.
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4. The method of claim 1, wherein the reflection of the
first signal comprises a non-line-of-sight (NLOS) deflection
or a multi-hop detlection.

5. The method of claim 1, wherein the 1solating of the
reflection of the first signal from the plurality of signals
comprises decoding the reflection of the first signal.

6. The method of claim 1, wherein the 1solating of the
reflection of the first signal from the plurality of signals
further comprises comparing the reflection of the first signal
to the power threshold.

7. The method of claim 6, wherein the 1solating of the
reflection of the first signal from the plurality of signals
turther comprises reducing the power threshold for detection

ol non-line-of-sight (INLOS) objects.
8. The method of claim 1, wherein the transmitting of the
first signal from the first transmitter comprises transmitting
the first signal using a metastructure antenna.
9. A method for object detection, comprising:
allocating a code to a radar sensing unit 1n a vehicle;
encoding a continuous modulation signal with the code,
thereby generating a coded signal, wherein the encod-
Ing comprises generating, via a code control module, a
pulse code modulation-type signal in the coded signal
that enables an identification of a detected object, and
wherein the encoding further comprises generating, via
a modulation control module, a quantization of the
coded signal in a form that enables a derivation of a
range and velocity of the detected object;

transmitting the coded signal in multiple transmissions
during a beam- steering operation of the radar sensing
unit, wherein each transmission of the multiple trans-
missions 1s coded differently from other transmissions
of the multiple transmissions;
recerving a plurality of reflections from a plurality of
SOUrCes;

filtering the plurality of reflections to 1solate the coded
signal, wherein the coded signal 1s encoded with
Kasami coding and separable from noise and interfer-
ing signals based on the Kasami coding in the coded
signal;
detecting an interference signature;
comparing received signals to a power threshold to 1den-
tify direct reflection signals and low power signals; and

comparing low power signals to a reduced power thresh-
old to separate the low power signals from noise
signals.

10. The method of claim 9, wherein the transmitting of the
coded signal 1s through a metastructure antenna 1n the radar
sensing unit.

11. The method of claim 9, wherein the filtering of the
plurality of retlections to 1solate the coded signal comprises
comparing the plurality of retlections to the power threshold.

12. The method of claim 11, wherein the filtering of the
plurality of reflections to 1solate the coded signal further
comprises reducing the power threshold for detection of
non-line-of-sight (NLOS) objects.

13. The method of claim 9, wherein the detecting of the
interference signature with the radar sensing unit comprises
identifving a signal condition of an environment of the
vehicle.
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